This work describes the optical and electrical characterization of an integrated optoelectronic receiver. The receiver is composed of a photodiode and a transimpedance amplifier, both fabricated in silicon technology using a 0.8 µm BiCMOS process. The total area occupied by the photodiode is of 10,000 µm 2 . In a first step, the generated photocurrent of the photodiode is measured for the wavelengths of 780 nm and 830 nm at different levels of optical power. In a second step, the responsivity and quantum efficiency parameters of the photodiode are computed. Finally, an electrical measurement including the transimpedance amplifier is achieved. A potential application for this optoelectronic receiver is on the first optical communications window.
Introduction
Currently, data transmission standards have an important role in optical communication systems. For this reason, an efficient design of the input stage is a critical issue for optoelectronic systems. An integrated input stage is composed of a superficial photodiode (PD) and a transimpedance amplifier (TIA) in a single chip, which is known as an optoelectronic integrated circuit (OEIC) [1] . The main characteristics required for an input stage are: high gain, extended bandwidth, low power consumption, minimum noise contributions and reduced area requirements. In this sense, optical and electrical devices fabricated in silicon technology allow satisfying the requirements previously cited [2] [3] . The maturity of silicon technology represents a powerful platform that is truly compatible with standard CMOS processing [4] [5] , and by consequence, very attractive from the economic point of view. In this sense, the goal of this work resides in achieving a full performance evaluation of an integrated optoelectronic receiver that was designed by one of the authors [6] . This optoelectronic receiver is composed of a PD and a TIA fabricated in silicon technology in a 0.8 m BiCMOS process. The main advantage to use this technology resides in the fact that low-power supplies are used in relation to bipolar technology, solving in this way problems related to power consummation. In a first step, optical measurements are carried out, and then electrical measurements involving the amplifier are achieved.
Normally, photodetectors and transimpedance amplifiers are built in a separate way. In this work, we are presenting an electro-optical device that comprises both. An optical and electrical characterization was achieved guaranteeing in this way a complete performance. It is very important to remark that the measurements achieved are at a prototype level. The fabricated photodiode operates well at the wavelength of 830 nm that corresponds to the first window optical communication, for this reason this electro-optical device has a potential application as a receptor module in an optical link. If well is truth that this wavelength is reserved only for short optical links, currently Local Area Network (LAN) operates at this wavelength allowing in this way a fast process of information. Figure 1 illustrates the basic scheme of an optical stage reception. The PD converts the incident optical power to an electrical current which is amplified by the TIA, obtaining in this way a corresponding voltage level (V o ) at its output. The feedback resistance ( ) connected between the output and input of the TIA is used for amplification purposes. 
Receiver operating principle

Photodiode operation
The PD was fabricated in a standard technology using a bulk process, and the diffused pn junctions are close to surface, as shown in Figure 2 . An nwell region has been used to isolate the detector from substrate. The PD operates in avalanche mode to obtain an amplified signal and noise reduction. Since the p ++ is used as collect layer, the pn junction is close to the surface and the photodiode area can be easily illuminated by using a multimode or monomode optical fiber. The equivalent circuit corresponding to a PD is illustrated in Figure 3 , where I p is the generated photocurrent, I d is the dark current, C s is the junction capacitance, R s , R sh , and R L , are the series, sheet and load resistance, respectively. Since ≪ at high frequencies and assuming that R s is less than 100Ω because it represents the contact resistance, which was reduced by layout techniques and the resistance of the undepleted silicon, model of Figure 3 can be simplified to the equivalent circuit shown in figure 4. R L was substituted for the input impedance of the TIA. The responsivity parameter of the PD can be computed as [7] 
where P o is the incident optical power,  is the quantum efficiency, q is the electron charge, hv is photon energy, and the quantum efficiency can be evaluated by
Transimpedance amplifier operation
The CMOS TIA structure used in this work is based on the common-gate topology, using negative feedback. Because a negative feedback is used at the input transistor, the bandwidth is increased and the noise contributions are reduced. The TIA amplifier diagram is shown in Figure 5 . The transfer function achieved by using a local feedback network is in Equation (3) 
4..Description of the optoelectronic integrated circuit
This integrated optoelectronic receiver monolithically integrates a PD and a preamplifier circuit. Process BiCMOS AMS technology is used for this purpose using minimum dimensions of 0.8 m. Figure 6 shows a photograph of the integrated optical stage receptor in which the PD and the TIA are indicated. As was previously mentioned, this manufacturing process allows the pn junction to be very near the surface allowing the PD area to be illuminated independently of the TIA. Figure 7 corresponds to a zoom of the last photograph corresponding only to the PD. Its dimensions are 100 m x100 m.
The chip containing the optoelectronic integrated circuit is glued on a FR4 substrate, and the pads are welded to the lines of a printed circuit in order to allow its connection to the electrical equipment. Figure 8 corresponds to a picture of this prototype. 
Measuring of the photocurrent
Electrical and optical characterization is an important step because provides information that allows corroborates the good performance of the device. In this sense, in the following a complete optical and electrical characterization is described. For this goal we have used an Electro/Optical Converter (Gravizon model LL-780GI, =780 nm), and a modulable laser unit (Lasiris, =830 nm). A visible sensor head (Thorlabs, model S120A) is attached to an optical power meter system (Thorlabs, model S110), in order to verify the wavelength and measure the optical power of the devices previously mentioned. Optical powers of P=640 µW and P=40 mW are measured for the Electro/Optical Converter and the modulable laser unit, respectively. In a first step, the PD is polarized in reverse-bias in order to measure the reverse leakage photocurrent (or dark current) produced without illumination. Figure 11 corresponds to the measured current level whose range is in nanoampers, and the breakdown voltage is located around -17 V. In a second step, the PD is illuminated by using the electro/optical converter Gravizon. Its corresponding results are illustrated in Figure 12 . In this case, the photocurrent value is increased because of the illumination and is in the order of microampers. Finally, the PD is now illuminated by using the modulable laser unit. Figure 13 plots the measured photocurrent. In this case and because of the high incident optical power, the values of current in the order of milliamps is remarkable. Figure 13 . Measured generated photocurrent corresponding to = 830 nm, and P=40 mW
Evaluation of the quantum efficiency
Once the levels of photocurrent are known, for simplicity, the photons reflected at the face of the photodiode are omitted. The responsivity and quantum efficiency are determined from Equation (1) and (2), respectively. The low value corresponding to the responsivity parameter is justified by the absence of an antireflectance film at the face of the photodiode.
Transimpedance amplifier stage
As was previously mentioned, the integrated optoelectronic receiver monolithically integrates a PD and a preamplifier circuit, which is shown in Figure 14 , which illustrates the experimental setup used to test the optoelectronic stage including the amplifier. In this case, the amplifier is operated as follower voltage. The electro/optical converter is modulated by a sinusoidal signal by using a signal generator (Rhode & Schwarz, Model SM101). 
Conclusions
A full optical and electrical characterization of an integrated optoelectronic receiver was achieved. It is well known that a factor that affects the number of photon incidents, and thus the quantum efficiency, is the absence of an anti-reflection coating on the surface of the photodiode; hence, the values computed for this device are within an acceptable range. It is true that the quantum efficiency could be increased by increasing the thickness of the intrinsic region to allow more absorption of photons, but the price would be to increase the response time of the device. On the other hand, the moderate frequency response of the device is justified by the technique used to illuminate the photodiode and the interconnection lines to the FR4 substrate. However, this can be improved if the optical fiber is launched directly over the photodiode area. It is clear that the optical wavelengths used for this characterization correspond to the first optical window communications; therefore, this integrated optoelectronic receiver is found to have a potential and practical application in this window.
